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(54) Transmission shifting mechanism with ball ramp actuator 



(57) A transmission shifting system for axially dis- 
placing a jaw clutch (21 ,23) having a plurality of axially 
and/or radially beveled teeth (72) for engagement with 
a plurality of engagement cavities (78) formed in a main- 
shaft gear (22,24) where a ball ramp actuator (14,16) or 
a cam ramp mechanism is used to axially displace the 
jaw clutch (21,23). An electrical coil (32,33) is used to 
electromagnetically couple a control ring (37,39) to the 
mainshaft gear (22,24) using a clutch plate (52,53) and 
an actuation ring (43) is nonrotatably connected to the 
mainshaft (18). In an alternative embodiment, the actu- 
ation ring (90,92) is formed as part of the jaw clutch 
(94,96) and the control ring (82,83) remains stationary 
relative to a mainshaft (18). A plurality of flux grooves 
(80A.80B) are utilized to channel magnetic forces be- 
tween the clutch plate (84,85) and the mainshaft gear 
(22,24). 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention s 

The present invention relates to a shifting mecha- 
nism for a gear change transmission, and more specif- 
ically, to a shifting mechanism for a gear change trans- 
mission where a beveled jaw clutch is moved by a ball 
ramp actuator into contact with engagement cavities 
formed in a mainshaft gear. 

2. Description of the Prior Art 

Gear change transmissions utilising shift bar hous- 
ing assemblies wherein one or more axially movable 
shift bars (also known as shift rails) and shift rods, each 
carrying an associated shift fork, are selectively axially 
moved to engage or disengage a selected transmission 
gear by axial movement of a clutch member, or of a gear 
having clutch teeth or jaw clutch, are well known in the 
prior art as may be seen in reference to U.S. Patent Nos. 
3,105,395; 3,283,613; 3,611,483; 4,152,949; 
4,194,410; 4,445,393; 4,754,665; 4,876,924 and 
5,053,961. 

Electronically controlled shift bar housing assem- 
blies powered by pressurized hydraulic fluid, pressu- 
rized air, or electric motors and the controls therefore, 
are also well known in the prior art, as may be seen in 
reference to U.S. Patent Nos. 4,428,248; 4,445,393; 
4,722,237 and 4,873,881 , all assigned to the same as- 
signee as this invention. 

While prior art electronically controlled actuated 
shift bar housing assemblies are generally satisfactory 
and are presently utilized in production applications for 
remotely controlled and/or automatically controlled gear 
change transmissions, the prior art assemblies are not 
totally satisfactory as they are complicated, expensive 
to produce, install and service. Prior art pneumatic sys- 
tems are slow and difficult to control due to the com- 
pressibility of the air used to power the shift rails. The 
use of hydraulic fluid, as an operating medium, has 
proved to be difficult due to leaks in the system which 
results in degraded performance and requires extensive 
maintenance. 

It is known to automate a traditional manual gear- 
box (transmission) by electronically controlling a plural- 
ity of actuators to move the transmission gear shift 
mechanism in coordination with a fully or partially auto- 
mated driveline master clutch. The actuators move the 
transmission shifting rails holding the shift forks which 
in turn control the axial movement of one jaw clutch al 
the end of each shift fork. The jaw clutch axially slides 
along a splined transmission mainshaft to engage gear- 
ing and non-rotatably couples the input to the output of 
the transmission. Similar mechanical transmissions are 
well known in the prior art and may be appreciated by 



reference to U.S. Patent Nos. 3,105,395; 3,283,613; 
4,754,665; 4,876,924 and 5,053,961 . 

It is also known to use ball ramp actuators powered 
by a separate drive motor for each pair of ball ramp ac- 
tuators in a transmission to load clutch packs on the 
mainshaft to frictionally transfer rotary motion from the 
mainshaft to gears riding on the mainshaft which are 
meshed with gears on a parallel countershaft. U.S. Pat- 
ent No. 5,078,249 describes such a gearbox. The ball 
ramp units consist of two pressure rings and an adjust- 
ing ring disposed there between. Both the pressure and 
adjusting rings use opposed pairs of variable depth 
grooves to capture a rolling member for axially expand- 
ing and contracting the pressure ring dependent on the 
rotational direction of the adjusting ring relative to the 
pressure ring. The rotary motion of the adjusting ring is 
supplied by a motor that is reacted against the transmis- 
sion case. 

The use of an electric motor actuator to rotate the 
adjusting ring relative to the transmission case results 
in complication and expense associated with certain 
mechanical and electrical components. The gearing re- 
quired to transfer the relatively high speed rotary motion 
of a motor to the low travel rotary motion of the adjusting 
gear creates much of the complication. The gear reduc- 
tion slows the speed of response of the ball ramp actu- 
ator thereby slowing the speed that the transmission can 
be executed. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, the draw- 
backs of the prior art are overcome or minimized through 
the use of the relative rotation of the countershaft and 
the rotary mainshaft in combination with an electromag- 
netic coil assembly to energize a ball ramp clutch which 
axially displaces a beveled jaw clutch to couple a trans- 
mission mainshaft gear to a transmission mainshaft. In 
this manner, a simple electromagnetic coil assembly 
can be used to control the engagement of the ball ramp 
actuator to move the jaw clutch of the present invention 
without the complication of a motor or other rotary actu- 
ator which has to use a gear driven adjusting ring with 
its attendant slow response and mechanical complica- 
tion. The beveled shape of a portion of the jaw clutch 
engages the mainshaft gear in a manner which allows 
the ball ramp actuator to continue to force the jaw clutch 
towards the mainshaft gear. 

The above is accomplished by selectively electro- 
magnetically coupling a ball ramp control ring to a trans- 
mission mainshaft gear through a clutch plate where an 
electrical coil is used to introduce a magnetic field in the 
clutch plate which in turn is non-rotatably coupled to the 
control ring. The control ring axially contacts and moves 
the jaw clutch which is non-rotatably connected to the 
mainshaft on splines which allow for axial movement of 
the jaw clutch in response to the ball ramp mechanism. 
Thus, in the preferred embodiment, the control ring is 
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selectively magnetically coupled to the mainshaft gear 
which is continuously driven by the countershaft through 
a countershaft gear which meshes with the mainshaft 
gear. Relative rotation between the control ring and an 
actuation ring, which is mounted to the mainshaft, caus- s 
esthe ball ramp actuator to axially expand thereby mov- 
ing the jaw clutch into engagement with the mainshaft 
gear to couple the mainshaft gear to the mainshaft for 
output to the vehicle driveline. The control ring compris- 
es a first side of the ball ramp mechanism where the 
second side is comprised of the actuation ring. The con- 
trol ring is axially moved by operation o( rolling elements 
which engage variable depth corresponding grooves 
formed in both the control and actuation rings. With rel- 
ative rotational movement of the control ring relative to 
the actuation ring, the ball ramp mechanism axially ex- 
pands as the rolling elements transverse the variable 
depth grooves formed both in the control ring and the 
actuation rings. Beveled edges are formed on the jaw 
clutches where the jaw clutches contact corresponding 
engagement cavities formed in the mainshaft gear. The 
beveled contact surfaces of the jaw clutch and the main- 
shaft gear provide for bottoming of beveled teeth in cav- 
ities which allow continued force from the ball ramp ac- 
tuator to further engage the jaw clutch with the mainshaft 
gear. Thus, as the jaw clutch engages the mainshaft 
gear the geometry of the beveled jaw clutch and the en- 
gagement cavities formed in the mainshaft gear allow 
further relative rotational movement between the control 
ring and the actuation ring thereby causing the ball ramp 
actuator to continue to axially expand to increase the 
level of engagement between the jaw clutch and the 
mainshaft gear. Magnetic flux grooves formed in the 
clutch plate prevent the travel ol flux through the clutch 
plate so that the clutch plate is magnetically attracted 
only to the mainshaft gear and not the coil assembly. 

In a first alternate embodiment, a coil assembly is 
used to electromagnetically link the clutch plate and 
control ring to the transmission mainshaft gear thereby 
providing for relative rotation between the control ring 
and the actuation ring. The actuation ring is connected 
to the transmission housing. The coil assembly is adapt- 
ed to encircle the ball ramp mechanism and induces an 
electromagnetic field directly into the clutch plate which 
is magnetically attracted to and frictionally engages the 
mainshaft gear. A cam ramp mechanism can be used in 
place of a ball ramp mechanism to generate the required 
axial force to engage the jaw clutch of the present in- 
vention with the mainshaft gear. 

A second alternate embodiment discloses an actu- 
ation ring which is formed as one piece with the jaw 
clutch. A control ring extends to non-rotationally connect 
the control ring to a clutch plate where the clutch plate 
is electromagnetically rotatably joined to a mainshaft 
gear. Relative motion between the mainshaft gear and 
the mainshaft energizes the ball ramp mechanism. 

One provision of the present invention is to provide 
control of a ball ramp actuator connected to a jaw clutch 



in a transmission shifting system using an electrical coil. 

Another provision of the present invention is to pro- 
vide a compact ball ramp actuation system to control the 
axial movement of a jaw clutch in a gear change trans- 
mission. 

Another provision of the present invention is to pro- 
vide control of the ball ramp actuator to load a jaw clutch 
using an electrical coil to induce an electromagnetic field 
in a clutch plate which is non-rotatably connected to the 
control ring of a ball ramp actuator. 

Another provision of the present invention is to pro- 
vide a compact ball ramp actuation system to control the 
axial movement of a jaw clutch having beveled surfaces 
which engage engagement cavities formed in the main- 
shaft gear of a gear change transmission. 

Still another provision of the present invention is to 
provide a compact ball ramp actuation system to control 
the axial movement of a jaw clutch having beveled sur- 
faces which engage engagement cavities formed on the 
mainshaft gear to allow further actuation of the ball ramp 
actuator until the beveled surfaces fully engage the en- 
gagement cavities in a gear change transmission. 

Although the present invention is described in rela- 
tion to use in a twin countershaft type transmission, any 
type of suitable gearbox could make use of the present 
invention to couple a gear to a rotating shaft. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial cross-sectional view of a trans- 
mission having a shifting system according to the 
present invention; 

FIG. 2 is a cross-sectional view of two ball ramp ac- 
tuators and respective jaw clutches of the present 
invention installed with respective mainshaft gears 
in a transmission; 

FIG. 3 is an axial cross-sectional view of the ball 
ramp mechanism of the present invention taken 
along line Ill-Ill of FIG. 2; 

FIG 4 is a cross-sectional view of the ball ramp 
mechanism of the present invention taken along 
line IV-IV of FIG. 3 at minimum separation; 
FIG. 5 is a cross-sectional view of the ball ramp 
mechanism of the present invention taken along 
line IV-IV of FIG. 3 with increased separation; 
FIG. 6 is an elevational view of the jaw clutch and 
mainshaft gear of the present invention; 
FIG. 7 is a schematic diagram of the forces gener- 
ated between the jaw clutch and the mainshaft gear 
of the present invention; 

FIG. 8 is a partial cross-sectional view of a first al- 
ternate embodiment of the ball ramp actuator of the 
present invention; 

FIG. 9 is a partial cross-sectional view of a second 
alternate embodiment of the ball ramp actuator of 
the present invention; and 
FIG. 10 is a cross-sectional view of a ramp actuator 
for use with the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Certain terminology will be used in the following de- 
scription for convenience in reference only and will not 
be limiting. For example, the terms "forward" and "rear- 
ward" will refer to directions forward and rearward of the 
transmission as normally mounted in a vehicle. The 
terms "rightward" and "leftward" will refer to directions 
in the drawings in connection with which the terminology 
is used. The terms "inwardly" and "outwardly" will refer 
to directions toward and away from respectively, the ge- 
ometric center of the apparatus. The terms "upward" 
and "downward" will refer to directions as taken in the 
drawings in connection with which the terminology is 
used. All foregoing terms mentioned above include the 
normal derivatives and equivalents thereof. 

For purposes of promoting the understanding of the 
principles of the invention, reference will now be made 
to the embodiment illustrated in the drawings and spe- 
cific language will be used to describe the same. It will 
nevertheless be understood that no limitation on the 
scope of the invention is thereby intended, such altera- 
tions and further modifications in the illustrated device, 
and such further applications of the principles of the in- 
vention as illustrated therein being contemplated as 
would normally occur to one skilled in the art to which 
the invention relates. 

A change gear transmission 2 which utilizes the ball 
ramp actuators 1 4 and 1 6 of the present invention may 
be seen by reference to FIG. 1. FIG. 1 illustrates a partial 
cross-sectional view of a transmission 2 having an input 
shaft 4 connected to a drive gear 6 both supported in a 
transmission housing 8. The drive gear 6 engages both 
countershaft drive gears 1 0 and 1 1 which are non-rotat- 
ably connected to the respective countershafts 12 and 
1 3. Countershaft 1 2 rotates countershaft gears 26 and 
28 and countershaft 13 rotates countershaft gears 27 
and 29. Ball ramp actuator 1 4 and ball ramp actuator 1 6 
are used to selectively couple respective mainshaft 
gears 22 and 24 to the mainshaft 1 8. The mainshaft gear 
22 or the mainshaft gear 24 are non-rotatably coupled 
to the mainshaft 18 with respective jaw clutches 21 and 
23. Not shown are the other mainshaft gears which are 
selectively rotatably linked to the mainshaft 1 8 through 
engagement of their respective ball ramp actuators (al- 
so not shown). As shown in FIG. 1 , countershaft gears 
26 and 27 and countershaft gears 28 and 29 are rota- 
tionally linked to the mainshaft 1 B through activation and 
axial displacement of the respective ball ramp mecha- 
nisms 30 and 31 , by energizing their respective electri- 
cal coil assemblies 32 and 33 through introduction of an 
electrical current into electrical leads 32A and 33A. 

The illustrated transmission 2 comprises an input 
shaft 4 carrying a drive gear 6 which engages counter- 
shaft drive gears 10 and 11 for rotation therewith. Input 
shaft 4 is intended to be driven by a prime mover such 
as an engine (not shown) by means of a master clutch 



or torque converter (not shown), the use of which is well 
known in the art. A pair of substantially identical coun- 
tershafts 1 2 and 1 3 are rotatably mounted in a housing 
8 and rotated with the input shaft 4 through rotation of 
s the countershaft drive gears 10 and 11 . An output shaft 
or mainshaft 18 is provided which is preferably floatingly 
and/or pivotably mounted in the transmission housing 8 
and is driven by the countershafts 12 and 1 3 which func- 
tionally split the load. Thus, the mainshaft 18 is not di- 
rectly connected to the input shaft 4 but is driven by the 
countershafts 12 and 13 through a selected gear ratio. 
Each of the countershafts 12 and 1 3 carry a plurality of 
countershaft gears, including for example, countershaft 
gears 26 and 28 rotating with countershaft 12 and coun- 
tershaft gears 27 and 29 rotating with countershaft 1 3, 
all of which are affixed thereto for rotation therewith. 
Countershaft gears 26 and 27 are constantly meshed 
with mainshaft gear 22 and countershaft gears 28 and 
29 are constantly meshed with mainshaft gear 24. Any 
number of gear pairs could be used to provide the de- 
sired number of drive gear ratios in a similar theory of 
operation to be utilized to transfer power to the main- 
shaft 18 from the countershalts 12 and 13. 

The mainshaft gears 22 and 24, for example, are 
not rotationally affixed to the mainshaft 1B and do not 
normally drive the mainshaft 1 8 unless rotationally cou- 
pled to the mainshaft 1 8 with some type of device such 
as jaw clutches which are moved using operator con- 
trolled shift forks through a lever controlled shift linkage, 
a technique which is known in the prior art. According 
to the present invention, ball ramp actuators 14 and 16 
are used to move the improved jaw clutches 21 and 23 
into engagement with the selected mainshaft gear such 
as mainshaft gear 22 or mainshaft gear 24 to provide 
for rotational coupling between the input shaft 4 and the 
countershafts 1 2 and 1 3 and the mainshaft 1 8. Although 
not shown in FIG. 1, other pairs of countershaft gears 
and their respective mainshaft gears are in constant 
mesh and can be similarly coupled to the mainshaft 18 
through electrical excitation of their respective coil as- 
sembly. 

The mainshaft gears 22 and 24 are rotatably sup- 
ported and axially affixed on the mainshaft 18. Accord- 
ing to the present invention, the mainshaft gears 22 and 
24 coupled to the mainshaft 18 using jaw clutches 21 
and 23 which are independently axially displaced to en- 
gage their respective mainshaft gears 22 or 24 upon ac- 
tivation of either ball ramp actuator 14 or ball ramp ac- 
tuator 1 6 according to what gear ratio is desired. The 
ball ramp actuator 14 is energized upon the introduction 
of an electrical current into electrical leads 32A which 
energize the electrical coil assembly 32 thereby activat- 
ing the ball ramp mechanism 30 contained in the ball 
ramp actuator 14. In a similar manner, by introduction 
of electrical current into electrical leads 33A, which are 
joined to electrical coil assembly 33, an electromagnetic 
field is produced which activates the ball ramp mecha- 
nism 31 contained in the ball ramp actuator 1 6. 
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Typically, only one electric coil assembly 32 or 33 
is energized at one time since only one gear set should 
be engaged. For example, when the speed ratio deter- 
mined by gearset countershaft gears 26 and 27 and 
mainshaft gear 22 is desired, coil assembly 32 is ener- 
gized. The electromagnetic field generated by the coil 
assembly 32 introduces an electromagnetic force into 
the ball ramp actuator 14 which activates the ball ramp 
mechanism 30 which axially expands to move the jaw 
clutch 21 into engagement with the mainshaft gear 22. 
Since the jaw clutch 21 has splines which extend radially 
inward to rotationally affix the jaw clutch 21 to splines 

20 formed on the mainshaft 1 8, upon engagement of the 
jaw clutch 21 with the mainshaft gear 22, the mainshaft 
gear 22 is non-rotatably linked to the mainshaft 18 re- 
sulting in a rotational coupling of the mainshaft 18 to 
both countershafts 12 and 13 through countershaft 
gears 26 and 27. In a similar manner, coil assembly 33 
could be energized resulting in activation of the ball 
ramp mechanism 31 thereby imparting an axial dis- 
placement of the jaw clutch 23 which then contacts and 
engages the mainshaft gear 24. The mainshaft 24 is 
then rotationally coupled to the mainshaft 18 and thus, 
the mainshaft 18 is rotationally coupled to the counter- 
shaft 12 and 13 through the countershaft gears 28 and 
29. 

The power flows rearward through the transmission 
2 to the rest of the vehicle driveline. Specifically, the ro- 
tational energy flows through the input shaft 4 through 
the drive gear 6 which meshes outwardly with the coun- 
tershaft drive gears 1 0 and 1 1 . The countershafts 1 2 and 
13 rotate the countershaft gears 26, 27, 28 and 29 De- 
pending on which coil 32 or 33 is energized, the rotation 
ol the countershafts 12 and 13 are transferred to the 
mainshaft 18 through either gearset countershaft pairs 
26 and 27 and into mainshaft 22 or countershaft gears 
28 and 29 into mainshaft gear 24. Preferably, as is 
known in the art, mainshaft gears 22 and 24 are some- 
what radially movable (floating) relative to the mainshaft 
1 8. The advantages of utilizing a floating mainshaft and/ 
or floating mainshaft gears is well known in the art and 
may be appreciated in greater detail by reference to the 
aforementioned U.S. Patent No. 3,105,395. 

Now referring to FIG. 2, a partial cross-sectional 
view of two ball ramp actuators 1 4 and 16 of the present 
invention as installed on respective mainshaft gears 22 
and 24 in transmission 2 is shown. Both ball ramp mech- 
anisms 30 and 31 use a plurality of rolling elements 34A 
and 35A respectively, operating in grooves 36A and 38A 
formed in the control ring 37 and the control ring 39 with 
substantially identical circumferential grooves 40A and 
42A formed in the actuation ring 43. The actuation ring 
43 is held in position relative to the mainshaft 1 8 by sta- 
bilization ring 44 which engages a groove cut into the 
mainshaft 1 8. The actuation ring 43 is non-rotatably con- 
nected to mainshaft 18 through spline 58. The jaw clutch 

21 is biased away from the mainshaft gear 22 by a return 
spring 48 and in a similar fashion, jaw clutch 23 is biased 



away from mainshaft gear 24 by return spring 49 where 
both return springs 48 and 49 are held in position and 
in a state of compression by their respective spring 
stops 50 and 51 which are held in place on the mainshaft 
s 18. Annular clutch plates 52 and 53 operate in proximity 
to their respective mainshaft gears 22 and 24 such that 
when coil assembly 32 or 33 is energized, the clutch 
plate 52 or clutch plate 53 are electromagnetically at- 
tracted to mainshaft gear 22 or mainshaft gear 24 there- 
by frictionally coupling the clutch plate 52 or clutch plate 
53 to their respective mainshaft gear 22 or 24. The 
clutch plates 52 and 53 have respective plate fingers 54 
and 55 which engage their respective control rings 37 
and 39 in a manner to allow axial movement of the clutch 
plates 52 and 53 relative to the mainshaft gears 22 and 
24 while rotationally linking the clutch plates 52 and 53 
to their respective control rings 37 and 39. For example, 
relative rotation between the mainshaft gear 22 and the 
mainshaft 18 causes relative rotation between the actu- 
ation ring 43 and the control ring 39 thereby causing the 
ball ramp mechanism 31 to axially expand thereby mov- 
ing the jaw clutch 23 into engagement with the mainshaft 
gear 24. 

In FIG. 2, electrical coils 32 and a second coil as- 
sembly 64 having electrical leads 64A are structurally 
connected to the housing 8 by coil support 56. The ad- 
ditional coil assemblies 64 and 65 illustrate an arrange- 
ment whereby two coil assemblies are mounted to the 
transmission housing 8 using one coil support 56. Coil 
assembly 64 can be used to provide control of a third 
ball ramp actuator (not shown) to engage another main- 
shaft gear (also not shown). Coil assembly 33 is at- 
tached to the housing 8 by coil support 60 which also 
supports in a similar fashion a coil assembly 65 having 
electrical leads 65A tor activation of a fourth ball ramp 
actuator (not shown) for control of the engagement of 
its own associated mainshaft gear. Thus, depending on 
the gear ratio desired, electrical coils 32 or 33 or 64 or 
65 can be electrically energized through electrical leads 
32A, 33A, 64A or 65A thereby activating the associated 
ball ramp actuators 30, 31 , or the two ball ramp actua- 
tors not shown in FIG. 2, thereby causing the jaw clutch 

21 or 23 or one of two other jaw clutches not shown in 
FIG. 2, to be moved into engagement of mainshaft gears 

22 or 24 or to mainshaft gears not shown in FIG. 2, one 
at a time to engage the desired mainshaft gear to the 
mainshaft 18. All of the mainshaft gears are continuous- 
ly driven by their associated countershaft gears such as 
mainshaft gear 22 is continuously rotated and meshes 
with countershaft gears 26 and 27 and in an identical 
fashion mainshaft gear 24 is rotated and engages coun- 
tershaft gears 28 and 29. Segmented flux grooves 80A 
are formed in the clutch plates 52 and 53 and segment- 
ed flux grooves 80B are formed in the mainshaft gears 
22 and 24 which together act to intensify the electro- 
magnetic forces generated by the coil assemblies 32 
and 33 to more effectively attract the clutch plates 52 
and 53 to their respective mainshaft gears 22 and 24. 
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This technique is known in the art and used for vehicle 
air conditioning compressor clutches. 

Referring now to FIGs. 3, 4 and 5 to describe the 
operation of the ball ramp mechanism 31, a cross-sec- 
tional view of the control ring 39 taken along line Ill-Ill 
of FIG. 2 is shown in FIG. 3 and a view taken along line 
IV-IV of FIG. 3 of the control ring 39 and the actuation 
ring 43 separated by a rolling element 35A are shown 
in FIGs. 4 and 5. Three spherical rolling elements 35A, 
35B and 35C are spaced approximately 120 degrees 
apart rolling in three variable depth grooves 42A, 42B 
and 42C, respectively, as the control ring 39 is rotated 
relative to the actuation ring 43. Any number of spherical 
rolling elements and respective ramps could be utilized 
depending on the desired angle of rotation and axial mo- 
tion of the ball ramp actuator 1 6. It is desirable to employ 
at least three spherical rolling elements 35A, 35B and 
35C traveling on a like number of identically and equally 
spaced opposed variable depth grooves 40A and 42A, 
40B and 42B, and 40C and 42C formed in the control 
ring 39 and the actuation ring 43 respectively to provide 
stability to the control ring 39 and the actuation ring 43. 
Any type of low friction device which would roll along the 
grooves 42A, 42B, 42C could be utilized for the rolling 
elements 35A, 35B and 35C such as balls or rollers. 

Three semi-circular, circumferential variable depth 
grooves 42A, 42B and 42C are formed in the face of the 
control ring 39 with corresponding identical opposed 
variable depth grooves 40A, 40B and 40C (when 
grooves 40B and 40C are not shown) are formed in the 
face of the actuation ring 43 as shown in FIGs. 4 and 5. 
Also, formed in an opposite face of actuation ring 31 are 
grooves 38A, 38B and 38C where 38B and 38C are not 
shown but are substantially identical to grooves 42B and 
42C. The variable depth grooves 40A, 40B, 40C, 42A, 
42B, and 42C vary in axial depth according to circum- 
ferential position in the groove and circumferentially ex- 
tend for approximately 120 degrees (actually slightly 
less than 120 degrees to allow for a separation section 
between the ramps). Any number of opposed grooves 
and associated rolling elements could be utilized de- 
pending on the desired range of rotation and needed 
axial travel of the ball ramp mechanism 31 . The groove 
depth is at a maximum at the center of its span. The 
control ring 39 and the actuation ring 43 can be made 
of a high strength steel or powdered metal with the var- 
iable depth grooves 38A, 38B, 38C, 40A, 40B, 40C and 
42A, 42B and 42C carburized and hardened to R c 
55-60. The axial separation 70, shown at a minimum in 
FIG. 4, between the control ring 39 and the actuation 
ring 43 is determined by the rotational orientation be- 
tween the corresponding opposed grooves such as 40A 
and 42A where the spherical rolling element 35A rolls 
on each ramp 40A and 42A as the control ring 39 is ro- 
tated relative to the actuation ring 43 on the same axis 
of rotation C. The relative rotation forces the control ring 
39 and the actuation ring 43 apart or allows them to 
come closer together as determined by the position of 
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the rolling elements 35A, 35B and 35C in their respec- 
tive groove pairs 40A, 42A and 40B, 42B and 40C, 42C 
thereby providing for axial movement of the jaw clutch 
23 for engagement with the mainshaft gear 24. Note that 

s the grooves are dual ramped with their deepest point at 
their center, which provides for an increase in axial sep- 
aration 70 as the control ring 39 is rotated in either di- 
rection from a starting point as shown in FIG. 4. This 
dual action capability provides for lock-up of the main- 

io shaft gear 24 in both drive and coast modes of vehicle 
operation. 

FIG. 4 illustrates the rotational orientation of the 
control ring 39 and the actuation ring 43 when the axial 
separation distance 70 is at a minimum, since the 

is grooves 40A and 42A are directly opposed and the roll- 
ing element 35A is in the deepest section of the grooves 
40A and 42A as indicated by the alignment of reference 
points 66 and 6B. Rotalion of the control ring 39 in either 
direction would result in increased axial separation dis- 

20 tance 70 

FIG. 5 illustrates the increased separation distance 
70 as the control ring 39 is rotated relative to the actu- 
ation ring 43. Reference points 66 and 68 are no longer 
opposite one another and the rolling element 35A has 

25 traversed both groove 42A in the control ring 39 and 
groove 40A in the actuation ring 43 thereby increasing 
the axial separation distance 70. 

As illustrated in FIG. 2, the control ring 39 is rotated 
relative to the actuation ring 43 by application of a torque 

so input created by the clutch plate 53 contacting the main- 
shaft gear 24 as electrical current is supplied to the coil 
assembly 33. The clutch plate 53 has plate fingers 55 
which extend and rotationally connect the clutch plate 
53 to the control ring 39 thereby rotationally locking the 

35 mainshaft gear 24 to the control ring 39. If there is rela- 
tive rotational motion between the control ring 39 and 
an actuation ring 43, the clutch plate 53 applies a force 
to the control ring 39 causing it to rotate relative to the 
actuation ring 43 to, for example, the position shown in 

40 FIG. 5. Reference point 66 in relation to reference to 
point 68 on grooves 42A and 40A respectively shown 
aligned in FIG. 4 are displaced to the positions shown 
in FIG. 5 where the separation distance 70 is increased 
due to the rolling of the rolling element 35A in relation 

45 to the grooves 40A and 42A. Thus, the relative motion 
between the control ring 39 and the actuation ring 43 as 
the rolling elements 35A, 35Band 35C assume new po- 
sitions in their respective grooves 42A, 42B and 42C 
and 40A, 40B and 40C, increases the axial separation 

50 between the control ring 39 and the actuation ring 43. 
Increased axial separation 70 of the ball ramp mecha- 
nism 31 causes the jaw clutch 23 to be displaced axially 
towards the mainshaft gear 24 thereby engaging the 
mainshaft gear 24 and rotationally coupling the main- 

ss shaft gear 24 to the mainshaft 18. Since the mainshaft 
gear 24 is continuously meshed and rotated with coun- 
tershaft gears 28 and 29, the mainshaft 18 is rotationally 
coupled to the input shaft 4 thereby completing the pow- 
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er flow through the transmission 2 and eventually to the 
vehicle driveshaft (not shown) for transfer to the rest of 
the vehicle driveline. * 

FIG. 6 is an elevational view of the jaw clutch 23 
and the mainshaft gear 24 of the present invention. The 
jaw clutch 23 consists of a plurality of jaw clutch teeth 
72 shown formed one main body 73 of the jaw clutch 23 
and which are shown as equally spaced along the pe- 
riphery of the jaw clutch 23. The jaw clutch teeth 74 are 
axially and radially beveled so as to engage matching 
clutch engagement cavities 78 formed in the mainshaft 
gear 24. The jaw clutch teeth 74 could also extend axi- 
ally from one face of the annular jaw clutch 23 rather 
than being formed on the periphery. The design of the 
beveled jaw clutch teeth 74 and the engagement cavi- 
ties 78 allow the control ring 39 to continue to rotate rel- 
ative to the actuation ring 43 to further axially displace 
the jaw clutch 23 into the mainshaft gear 24 for in- 
creased engagement of the jaw clutch teeth 74 into the 
engagement cavities 78. 

Now referring to FIG. 7, a schematic of the jaw 
clutch 23 engaging the mainshaft gear 24 is shown 
where the clutch teeth 72 have engaged the mainshaft 
gear 24 at the jaw clutch teeth 74 engaging the clutch 
engagement cavity 78. Angle T is used to calculate the 
forces generated on the jaw clutch 23 where a force is 
created which tends to allow the ball ramp mechanism 
31 to further activate thereby providing for increased ax- 
ial force on the jaw clutch 23 that tends to further engage 
the jaw clutch teeth 74 in the clutch engagement cavities 
78 The geometry of the jaw clutch teeth 74 does not 
permit the forces generated by the jaw clutch 23 to back 
drive the ball ramp mechanism 31 . 

The force F, is calculated by the equation: 

F, = F„ sin T + u F„ cos T 

In n 

and F a is calculated by the equation: 

F a = F„ cos T - u F n sin T 

Therefore, 

g=tan (T+B) 
where B = tan •' (u) where 

Ft is the driving force applied by the jaw clutch 23 
Fa is the axial force applied by the control ring 39 of 

the ball ramp mechanism 31 
Fn is the normal force component 
Fu is the tangential force component 
u is the coefficient of friction 
T is the angle of the beveled jaw clutch tooth 74 
B is the angle of friction 



FIG. 8 is a partial cross-sectional view of a first al- 
ternate embodiment of the transmission shifting system 
of the present invention. The configuration and orienta- 
tion of the electrical coil assemblies 32 and 33 have 
5 been changed where the electrical coil assemblies 32 
and 33 are mounted to the actuation ring support 59 and 
electromagnetically supply a force to attract clutch 
plates 52 and 53 to their respective mainshaft gears 22 
and 24 thereby providing relative motion between the 
10 control ring 37 and the actuation ring 43 and the conlrol 
ring 39 and the actuation ring 43. 

Flux grooves BOA are formed as segmented circum- 
ferential grooves in the clutch plates 52 and 53 and flux 
grooves BOB are formed in the mainshaft gears 22 and 
24 such that magnetic flux does not flow through the 
clutch plates 52 and 53 and instead flows through the 
mainshaft gears 22 and 24 thereby providing frictional 
connection between the clutch plate 52 and mainshaft 
gear 22 and clutch plate 53 and mainshaft gear 24. The 
flux grooves BOA and BOB are similar to those used in 
vehicle air conditioning clutches and prevent the clutch 
plates 52 and 53 from short circuiting the magnetic path 
when electrical current is applied. Thus, the geometry 
of the jaw clutch teeth 74 and the engagement cavities 
78 allow the control ring 39 to continue to move relative 
to the actuation ring 43 until the jaw clutch teeth 74 fully 
engage the engagement cavities 78. 

Now referring to FIG. 9, a partial cross-sectional 
view of a second alternate embodiment of the transmis- 
sion shilting system of the present invention is shown. 
Again as is shown in FIG. 8, the coil assemblies 32 and 
33 are mounted to the housing 8 using a support mem- 
ber 86. The coil assemblies 32 and 33 electromagneti- 
cally connect the clutch plate 84 to the mainshaft gear 
22 and in similar fashion coil assembly 33 electromag- 
netically connects causing the clutch plate 85 to contact 
and frictionally engage the mainshaft gear 24. The 
clutch plates 84 and 85 are non-rotationally linked to re- 
spective control rings 82 and 83. Thus, the control rings 
82 and 83 in the second alternate embodiment of FIG. 
9 are frictionally linked to the mainshaft gears 22 and 
24. Rather than being separate parts as shown in pre- 
vious embodiments, the jaw clutches 94 and 96 now ex- 
tend and form actuation rings 90 and 92. The ball ramp 
mechanisms 30 and 31 operate in a similar fashion to 
the previous embodiments with the exception that the 
grooves 38A, 38B and 38C are formed in control ring 82 
and grooves 40A, 40B and 40C are formed in control 
ring 83 and grooves 38A, 38B and 38C are formed in 
actuation ring 90 and grooves 42A, 42B and 42C are 
formed in actuation ring 92. Thus, with these changes, 
the operation is identical to that described in reference 
to FIGs. 3, 4 and 5. Again, relative motion is created 
when there is rotational speed difference between the 
selected mainshaft gears 22 or 24 and the mainshaft 20, 
where electrical energization of the coil assembly 32 re- 
sults in frictional coupling between the clutch plate 84 
and the mainshaft gear 22 which in turn rotationally 
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a countershaft gear (10,11) non-rotatably attached 
to said countershaft (12,13) permanently in mesh 
with a corresponding mainshaft gear (22,24) rotat- 
ably supported on said mainshaft (18), said main- 
s' shaft gear (22,24) supported on said mainshaft (18) 
being connectable to said mainshaft (18) by an ax- 
ially moveable jaw clutch (21 ,23), the shift system 
comprising: 

10 a ball ramp mechanism (30,31) comprising an 

actuation ring (43) non-rotatably connected to 
said mainshaft (18) and a control ring (37,39) 
disposed adjacent to said actuation ring (43), 
both encircling said mainshaft (18) and having 

»s opposed faces provided with circumferentially 

extending grooves (40A,40B,40C,42A,42B, 
42C) , arranged as at least three opposed pairs 
of grooves, including portions of varying depth, 
and rolling members (35A,35B,35C) disposed 

20 one in each opposed pair of grooves (40A.42A; 

40B,42B,40C,42C), said grooves (40A, 
408,40C,42A,428,42C) on said actuation ring 
(43) and said control ring (37,39) being ar- 
ranged so that relative angular movement of 

2S said actuation ring (43) and said control ring 

(37,39) in either direction, from a starting posi- 
tion thereof, causes axial movement of said 
control ring (37,39) away from said actuation 
ring (43) to axially displace said jaw clutch 

30 (21 ,23) thereby rotatably coupling said main- 

shaft gear (22,24) to said mainshaft (18); 
a coil assembly (32,33) mounted to said hous- 
ing (8) and electrically energized to create an 
electromagnetic field to frictionally couple said 

35 control ring (37,39) to said mainshaft gear 

(22,24) thereby causing relative rotation be- 
tween said control ring (37,39) and said actua- 
tion ring (18); 

where said jaw clutch (21 ,23) axially contacts 
40 said control ring (37,39) and has axially beveled 

clutch teeth (72) formed thereon adapted to en- 
gage a corresponding plurality of axially bevel- 
ed engagement cavities (78) formed in said 
mainshaft gear (22,24). 



drives the control ring 82 such that relative rotation of 
the control ring 82 and the actuation ring 90 and the jaw 
clutch 94 result in activation of the ball ramp mechanism 
30 thereby causing the jaw clutch 94 to axially move to- 
wards the mainshaft gear 22 causing engagement of the 
jaw clutch teeth 74 with the engagement cavities 78. Up- 
on cessation of the electrical energy to the coil assembly 
32, the return spring 48 causes the jaw clutch 94 to ax- 
ially move back to its original position thereby collapsing 
the ball ramp mechanism 30 to a state as shown in FIG. 
4 where the separation distance 70 is at a minimum. The 
stabilization ring 44 maintains the geometry of the con- 
trol ring 32 and the control ring 83 both relative to one 
another and relative to the mainshaft 18. 

Now referring to FIG. 10, a top elevational view of 
an alternate embodiment of the actuation ring 43' and 
the control ring 39' is shown which can be utilized with 
the shifting mechanisms shown in FIGs 2 and 8. Since 
a relatively moderate force (approximately 300 pounds 
force) is required to force the jaw clutches 21 and 23 
into engagement with their respective mainshaft gears 
22 and 24, ball ramp mechanisms 30 and 31 are not 
necessarily needed to generate this level of force. As 
an alternate to the ball ramp mechanism 31, an actua- 
tion ring 43' and a control ring 39' having cam ramps 
102 and 104 respectively can be used to generate the 
required axial force to engage the jaw clutch 23 with the 
mainshaft gear 24. In a similar manner, ball ramp mech- 
anism 30 is replaced with control ring 37' operating 
against actuation ring 43'. FIG. 10 shows the control ring 
37' in a nonactivated mode where the separation 70A is 
at a minimum and control ring 39' at an intermediate po- 
sition relative to the actuation ring 43' where the cam 
ramp 1 04 has partially ridden up on cam ramp 1 02 there- 
by increasing the separation 70B which would also 
move the jaw clutch 23 into engagement with mainshaft 
gear 24. Thus, since by using the jaw clutch 23 of the 
present invention, an actuation ring 43' and a control 
ring 39' having cam ramps 1 02 and 1 04 respectively can 
generate the required force without using a ball ramp 
mechanism 31 . 

This invention has been described in great detail, 
sufficient to enable one skilled in the art to make and 
use the same. Various alterations and modifications of 
the invention will occur to those skilled in the art upon 
the reading and understanding of the foregoing specifi- 
cation, and it is intended to include all such alterations 
and modifications as part of the invention, insofar as 
they come within the scope of the intended claims. 



Claims 

1. A transmission shift system for a transmission (2) 
having a mainshaft (18) and at least one counter- 
shaft (12,13) disposed substantially within a hous- 
ing (8) having rotational axes parallel to one anoth- 
er; at least two pairs of gears, each pair comprising 



2. The transmission shift system of claim 1, further 
comprising a clutch plate (52,53) adapted to friction- 
ally engage said coil assembly (32,33) upon elec- 
trical energization of said coil assembly (32,33), 

so said clutch plate (52,53) being non-rotatably linked 
to said control ring (37,39). 

3. The transmission shift system of claim 2, wherein 
said clutch plate (52,53) has clutch plate fingers 

55 (54,55) which axially extend to engage said control 
ring (37,39) thereby allowing relative axial motion 
between said clutch plate (52,53) and said control 
ring (37,39) and non-rotationally coupling said 
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clutch plate (52,53) to said control ring (37,39) 

4. The transmission shift system of claim 1 , where said 
clutch teeth (72) and said engagement cavities (78) 
are beveled both axially and radially. 5 

5. The transmission shift system of claim 2, wherein 
said clutch plate (52,53) is disposed on a first side 
of said mainshaft gear (22,24) and said coil assem- 
bly (32,33) is disposed on a second side of said io 
mainshaft gear (22,24). 

6. A transmission shift system for a transmission (2) 
having a mainshaft (18) and at least one counter- 
shaft (12,13) disposed substantially within a nous- is 
ing (8) having rotational axes parallel to one anoth- 
er; at least Iwo pairs of gears, each pair comprising 

a countershaft gear (10,11) non-rotatably attached 
to said countershaft (12,13) permanently in mesh 
with a corresponding mainshaft gear (22,24) rotat- so 
ably supported on said mainshaft (18), said main- 
shaft gear (22,24) supported on said mainshaft (18) 
being connectable to said mainshaft (1 8) by an ax- 
ially moveable jaw clutch (21,23), the shift system 
comprising: 2s 

a cam ramp mechanism comprising an actua- 
tion ring (43') non-rotatably connected to said 
mainshaft (18) and a control ring (37',39') dis- 
posed adjacent to said actuation ring (43'), both 30 
encircling said mainshaft (18) and having op- 
posed faces provided with cam ramps 
(100,102,104,106) arranged as at least three 
opposed pairs of cam ramps, including portions 
of varying depth, said cam ramps (100,102) on 35 
said actuation ring and said control ring 
(1 04, 1 06) being arranged so that relative angu- 
lar movement of said actuation ring (43') and 
said control ring (37',39') in either direction, 
from a starting position thereof, causes axial 40 
movement of said control ring (37',39') away 
from said actuation ring (43') to axially displace 
said jaw clutch (21,23) thereby rotatably cou- 
pling said mainshaft gear (22,24) to said main- 
shaft (18); 45 
a coil assembly (32,33) mounted to said hous- 
ing (8) and electrically energized to create an 
electromagnetic field to frictionally couple said 
control ring (37', 39') to said housing (8) thereby 
causing relative rotation between said control so 
ring (104,106) and said actuation ring (43'); 
where said jaw clutch (21,23) axially contacts 
said control ring (37', 39') and has axially bev- 
eled clutch teeth (74) formed thereon adapted 
to engage a plurality of axially beveled engage- 55 
ment cavities (78) formed in said mainshaft 
gear (22,24). 



7. The transmission shift system of claim 6, further 
comprising a clutch plate (52,53) adapted to friction - 
ally engage said coil assembly (32,33) upon elec- 
trical energization of said coil assembly (32,33), 
said clutch plate (52,53) being non-rotatably linked 
to said control ring (37',39'). 

8. The transmission shift system of claim 7, wherein 
said clutch plate (52,53) has clutch plate fingers 
(54,55) which axially extend to engage said control 
ring (37',39') thereby allowing relative axial motion 
between said clutch plate (52,53) and said control 
ring (37',39') and non-rotationally coupling said 
clutch plate (52,53) to said control ring (37',39'). 

9. The transmission shift system of claim 6, where said 
clutch teeth (74) and said engagement cavities (78) 
are beveled both axially and radially. 

10. The transmission shift system of claim 7, wherein 
said control ring (37', 39') axially extends to rotation- 
ally engage said clutch plate (52,53). 

11. The transmission shift system of claim 7, further 
comprising a plurality of segmented flux grooves 
(80A) formed in said clutch plate (52,53) facing said 
mainshaft gear (22,24). 

12. The transmission shift system of claim 6, further 
comprising a plurality of flux grooves (808) formed 
in said mainshaft gear (22,24) facing said clutch 
plate (52,53). 

13. A jaw clutch (21,23) comprising: 

an annular main body (73) having splines ex- 
tending radially inward; 

a plurality of clutch teeth (72) formed on a sur- 
face of said main body (73), said clutch teeth 
having an axially beveled section (74) for en- 
gaging a corresponding plurality of engage- 
ment cavities (78) formed in a mainshaft gear 
(22,24) in a transmission. 

14. The jaw clutch (21,23) of claim 13, wherein said 
clutch teeth (72) are beveled both axially and radi- 
ally. 

15. The jaw clutch (21,23) of claim 13, wherein said 
clutch teeth (72) are formed on a peripheral surface 
of said main body (73). 

16. The jaw clutch of claim 1 3, wherein said clutch teeth 

(72) are formed on a face surface of said main body 

(73) . 
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